The role of electrostatic interactions for cytochrome c oxidase function.
In recent years, the enormous increase in high-resolution three-dimensional structures of proteins together with the development of powerful theoretical techniques have provided the basis for a more detailed examination of the role of electrostatics in determining the midpoint potentials of redox-active metal centers and in influencing the protonation behavior of titratable groups in proteins. Based on the coordinates of the Paracoccus denitrificans cytochrome c oxidase, we have determined the electrostatic potential in and around the protein, calculated the titration curves for all ionizable residues in the protein, and analyzed the response of the protein environment to redox changes at the metal centers. The results of this study provide insight into how charged groups can be stabilized within a low-dielectric environment and how the range of their electrostatic effects can be modulated by the protein. A cluster of 18 titratable groups around the heme a3-CuB binuclear center, including a hydroxide ion bound to the copper, was identified that accounts for most of the proton uptake associated with redox changes at the binuclear site. Predicted changes in net protonation were in reasonable agreement with experimentally determined values. The relevance of these findings in the light of possible mechanisms of redox-coupled proton movement is discussed.